Sesamum radiatum (Schum. and Thonn) is a traditional leafy vegetable of national importance in Benin. Although, it is cultivated and consumed in many regions of the country, it is still unfortunately neglected by scientific research. In order to fill in the knowledge gaps necessary for its varietal improvement, 16 accessions collected from different agro-ecological zones were characterized using 16 quantitative morphological traits. A significant variability was found among the accessions. Day to flowering, day to fruiting, total biomass, plant height, noose diameter, number of fruits per plant and number of seeds per fruit were some of the most discriminating parameters. Multivariate analysis (principal component analysis and cluster analysis) revealed four distinct agro-morphological groups of varying performance which will be highly useful in varietal improvement. Correlation analyses between descriptors revealed uniquely desired positive and negative relationships hence, indicating predictable success for eventual breeding program. To further investigate the genetic basis of the phenotypic diversity revealed among S. radiatum accessions, the use of molecular markers such as amplified fragment length polymorphisms (AFLPs) is recommended.
INTRODUCTION
Throughout the tropical world and particularly, in West Africa, a large number of traditional leafy vegetables (TLVs) have long been known and reported to play important roles in food security for people living in both *Corresponding author. E-mail: adansi2001@gmail.com. rural and urban areas (Maundu et al., 1999; Schippers, 2002; Abukutsa, 2007; Francisca and Eyzaguirre, 2007) . TLVs are rich in vitamins (especially A, B and C), minerals, fibres, carbohydrates and proteins and some even possess medicinal properties (Almekinders and de Boef, 2000; Schippers, 2002; Grubben and Denton, 2004; Dansi et al., 2008) . They represent cheap but quality nutrition for large segments of the populations and offer an opportunity for improving nutritional status of many families (Chweya and Eyzaguirre, 1999) . In many West Africa countries, leafy vegetables are reported to account for 50 to 100% of rural households" income (Mbaye and Moustier, 2000; Diouf et al., 2007) hence, contributing to food security and poverty alleviation.
Recent ethnobotanical investigation of TLVs consumed in Benin revealed 187 species among which Sesamum radiatum (Adéoti et al., 2009) . S. radiatum (Figure 1 ) is wildly consumed throughout Benin as slimy and nutraceutical vegetable. It is antibiotic and known to treat or prevent hepatic insufficiencies (Shittu et al., 2006) . The leaves are also used for treating various sickness including stomach ailments, catarrh, eye pains, bruises and erupted skins (Ogunlesi et al., 2010) . Leaves extract was found to have significant myorelaxant effect in (Konan et al., 2006 (Konan et al., , 2008 Kimiywe et al., 2007) . In Western Nigeria, the leaves are used in correcting male sterility by enhancing sperm count and its scientific evidences have been recently provided (Shittu et al., 2007; Ogunlesi et al., 2010) . Its cultivation in Benin is the prerogative of women and because of its high market demand appears as one of the vegetables that greatly contribute to household income in rural areas. With regard to the first millennium development goal which calls to combat extreme poverty and hunger, S. radiatum is one of the species to consider for promotion in the category of leafy vegetables in the agricultural sector. Despite its nutritional, medicinal and economic importance, the species has been poorly investigated and is currently classified among the so called neglected and under-utilized species (NUS) of Benin (Dansi et al., 2012) . The development of an economically profitable production of any plant species like S. radiatum undoubtedly requires the use of improved high yielding varieties. To facilitate breeding efforts, characterisation of available germplasm is a necessary first step since it especially, benefits a plant breeder in choosing proper parental materials (Cilliers and Swanevelder, 2003; Sarutayophat et al., 2007) . Also, the knowledge about interrelationships among descriptors (characteristics), from a plant breeder"s perspective aid in the selection of superior genotypes from the breeding population and is important in planning and evaluating breeding programmes (Sheela and Gopalan, 2006) .
The objectives of this study were to characterize and study the diversity among local ecotypes of S. radiatum Adéoti et al. 3571 using agro-morphological descriptors and to study the interrelationship among descriptors used in order to identify outstanding accessions which could be involved in national breeding programs for the benefit of both producers and consumers.
MATERIALS AND METHODS
The study area Plant accessions were originated from different regions of the Republic of Benin situated in West Africa, between latitudes 6°10" N and 12°25" N and longitudes 0°45" E and 3°55" E (Adam and Boko, 1993) . The country covers a total land area of 112,622 km 2 with a population estimated at about 7 millions (Adomou, 2005) . It is partitioned into 12 departments inhabited by 29 ethnic groups (Adam and Boko, 1993) . The south and the centre are relatively humid agro-ecological zones with two rainy seasons and mean annual rainfall of 1500 mm/year (Adam and Boko, 1993) . The North is situated in arid and semi-arid agro-ecological zones characterized by unpredictable and irregular rainfall oscillating between 800 and 950 mm/year with only one rainy season. Mean annual temperatures range from 26 to 28°C and may exceptionally reach 35 to 40°C in the far Northern localities (Adomou, 2005; Akoègninou et al., 2006) . The country has about 2,807 plant species (Akoègninou et al., 2006) . Vegetation types are semi deciduous forest (South), woodland and savannah woodland (centre East and Northeast), dry semi deciduous forest (centre West and South of Northwest) and tree and shrub savannahs (far north). The experiment was conducted at the station of the International Institute of Tropical Agriculture (IITA) based in Cotonou (South of Benin).
Plant material, experimental design and data collection
Sixteen accessions of local ecotypes collected in the wild and in the cultivated fields were studied (Table 1) . Seeds were first sown in polythene bags and after germination; ensuing seedlings were transplanted at the four-leaf stage to 3 × 2 m plots in a completely randomized block design with four replicates, at a spacing of 50 cm between rows and 30 cm within rows as per IPGRI (2001) . The field, primarily five years fallow was organic manure-fed. Sixteen (16) qualitative and quantitative parameters of floral and vegetative development, leaf and seed production were studied. These were: days to flowering, total biomass, plant height, node diameter, number of ramification, height of the first branch, leaf length, leaf width, petiole length, days to fruiting, number of fruits per plant, fruit length, fruit width, number of seeds per fruit, thousand seeds weight and seed germination rate. These parameters were measured and data collected as specified in Table 2 from twelve weeks after sowing on five healthy individual plants randomly selected from each of the accessions per repetition following IPGRI (2001).
Data analysis
Collected data was subjected to the one-way analysis of variance using Statistical Analysis System (SAS, 1999) software package and the Student and Newman-Keuls" test was used to separate the treatment means. Using the same software, pairwise distances between accessions were computed and the similarity matrix generated was used to perform a Principal Component Analysis (PCA) and to design a dendrogram using UPGMA cluster analysis (Sneath and Sokal, 1973; Swofford and Olsen, 1990 ). Computation 
RESULTS AND DISCUSSION
Descriptive values (maximum, minimum, mean, standard deviation and coefficient of variation) of the measured quantitative parameters are compiled in The analysis of variance revealed significant differences between accessions for the plant height (PH), leaf length (LL), leaf width (LW) and total biomass (TBIO). For these four variables taken individually, the Student-Newman-Keuls" tests classified accessions into five to seven groups (Table 4) hence, indicating significant intraspecific diversity. This means that these descriptors are very important in differentiating between the accessions.
The principal component analysis grouped the 16 variables into various components with the first three explaining 64.21% of the total variation (Table 4) . Principal component 1 (PC1) associated with leaf length (LL), leaf width (LW), petiole length (PL), number of fruits (NF), biomass (BIO), number of seed per fruit (NSF), fruit length (FL), fruit width (FW), date to flowering (DTF) and date to fruiting (DFR) accounted for 39.73% of the total variation (Tables 4 and 5 ). PC2 consisting mainly of noose diameter (NOD), germination rate (GR) and 1000 seeds weight (TSW) accounted for 18% of the total variation while PC3 associated with the number of ramifications and the height of the first ramification explained 10.06% of the total variation (Tables 5 and 6 ). Based on this data, PC1 appears as one of the most important features in leafy vegetable selection which is vegetative vigour (leaf size, total biomass), earliness (date to flowering) and fruiting (date, number per plant, size). This explains why PC1 alone account for about 40% the total variation. From all the characters, flowering time was found to be the most discriminative parameter differentiating accessions. A relation seems to exist between maturity period and geographical origin. In fact, accessions (N1, N2, N4 and N10) originating from the Northeast were late flowering while accessions (S5, S6, S7) collected from the South showed precocious flowering and those from Northwest and South (N9, S12 and S13) showed an intermediate flowering time. To this regard, the assessment of the influence of the ecology on the reproduction biology of this species is important as such influences have been already reported for many species (Avolio et al., 2011; Bai et al., 2011) .
Based on the PC1 and PC2, the sixteen accessions studied were classified into four agromorphological groups (Figure 2 ) named G1, G2, G3 and G4. The dendrogram (Figure 3 ) was constructed based on the UPGMA cluster analysis also revealed (with R 2 = 0.53) four groups identical to those obtained with the principal component analysis, hence indicating the reliability of the classification. The four groups obtained have clear different performances (Table 7) . Group 1 is early maturing and is characterized by a great number of fruits per plant while Group 4 produces fruits of relatively big size containing several seeds of also big size. Plants of Group 2 are vigorous (large sized leaves, many ramifications, relatively big noose diameter), produce important biomass and are late maturing in terms of flowering and fruiting. Group 3 is characterised by a high plant height. With leafy vegetable in general, the desired characters for both producers and consumers include high production of total biomass, late flowering and very good fruit with several seeds (Chattopadhyay et al., 1996; Mih et al., 2008) . To this regard, data obtained in this study will be highly useful in developing new varieties of S. radiatum by series of crossing between the different group.
Accessions from the groups G2 and G4 exhibiting the best desirable performances are those collected from the home gardens in the North where the species is mostly cultivated and consumed. This may be the results of many years of morphological selection undertaken by farmers with the aim of getting plants with the potential to attract premium prices in local markets. As reported by Vodouhe et al. (2011) , getting better performing varieties has been always one key objective of plant domestication for food purposes.
The correlation matrix between variables (Table 8 ) indicates positive significant correlations between leaf length and leaf width in one hand and between these two parameters and the total biomass in the other hand. Similarly, day to flowering evolves parallel to day to fruiting and the two are also positively correlated to leaf length, leaf width and total biomass. Contrary to this, the number of fruits per plant is negatively correlated to both leaf length and leaf width.
The same significant negative correlation is observed between the number of fruits per plant and the number of seeds per fruit. In terms of plant breeding, these data clearly indicates that with S. radiatum selecting varieties with producers and consumers desired characters as indicated above will easily success. Similar results were reported on Hibiscuss abdariffa and Amaranthus (Diouf et al., 2007) , Vernonia amygdalina (Mih et al., 2008) and cowpea (Musvosvi, 2009) .
To further investigate the genetic basis of the phenotypic diversity revealed among S. radiatum Ecotypes N1 S12 S13 N2 N10 N3 N11 N4 N9 S5 S7 S6 S8 S15 S14 S16 R-squared * = Significant at 0.05 level of probability; PH = plant height; LL = leaf length; LB = leaf width; PL = petiole length; ND = noose diameter; NR = number of ramifications; HFR = height of first ramification; nfpp = number of fruits per plant; TSW = thousand seeds weight; TBIO = total biomass; NSF = number of seeds per fruit; FL = fruit length; SGR = seed germination rate; FW = fruit width; DFL = days to flowering and DFR = days to fruiting.
accessions, the use of molecular markers such as AFLPs (Andru et al., 2011) will be necessary as it was the case for many crops such as fonio (Adoukonou et al., 2007) , wheat (Altintas et al., 2008) , yam (Sonibare et al., 2010) and rice (Rajkumar et al., 2011) .
Conclusion
The agro-morphological characterization of the accessions of S. radiatum has contributed to a better assessment of the phenotypes of the collected accessions and an identification of the plants with desired characteristics for breeding. It showed the existence of intra-specific variability. However, it may be necessary to evaluate the characterized accessions over a period of two or more years in many different locations to see if similar observations will be observed. It will be also necessary to enhance the existing germplasm through additional collection from different agro-ecological zones and complete this study by molecular analysis for better assessment of genetic diversity with the species.
